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Abstract 

Background: Type II diabetes is not only major public health problem but also heavy fiscal burden to each nation's 
health care system around the world. This study aimed to investigate the effect of early onset and pack-years of 
smoking on type II diabetes risk. 

Methods: We used the most recent cross-sectional National Health and Nutrition Examination Survey set of South 
Korea (2010) and the United States (2009-2010). Participants who were diagnosed with diabetes after age 20 were 
included (South Korea: n = 7273, 44% male; U.S.: n = 3271, 52% male). Cox proportional models, stratified by sex and 
country, were used to estimate hazard ratios. 

Results: 7.1% of South Korean men, 5.5% of South Korean women, 15.5% of U.S. men, and 12.4% of U.S. women 
had type II diabetes; 40% of South Korean men, 34% of U.S. men, and 21% of U.S. women began smoking before 
age 20 (57%, 49%, 36% of those who had type II diabetes, respectively). Type II diabetic participants were older and 
married; have a higher BMI, low income, and less education; lack moderate physical activity, smoked more and 
earlier compared to those without type II diabetes. Differences in risk factors including life-style behaviors and SES 
were found in both diabetic and non-diabetic populations. Men who began smoking before age 16 had a higher 
type II diabetes risk than who never smoked (South Korea: hazard ratio [HR] 2.46, 95% confidence interval [CI] 
1.04-5.79; U.S.: HR 1.64, 95% CI 1.01-2.67), as did U.S. men who began smoking between 16 and 20 years (HR 1.58, 
95% CI 1.05-2.37). Smoking pack-years were also associated with type II diabetes in U.S. men (HR 1.07, 95% CI 
1.01-1.12). In women population, however, associations were not found. 

Conclusions: Early onset of smoking increases type II diabetic risk among men in South Korea and the U.S., and 

type II diabetic risk increases with higher pack-years in U.S. men, however, no associations were found in women 
population. Underage tobacco policy and education programs are strongly needed in both countries. 
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Background 

Type II diabetes is a major public health problem 
around the world. A systematic analysis of a multi- 
national health examination survey with 370 country- 
years and 2.7 million participants showed that the 
prevalence of type II diabetes has doubled throughout 
the world from 1980 to 2008 [1]. This trend will con- 
tinue until 2025 [2], and making a heavy fiscal burden 
to each nation's health care system [3]. In South Korea, 
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the prevalence of type II diabetes has increased from 1% 
in 1960 to 9-10% in early the 2000s [4,5], and this dis- 
ease was ranked in the top five causes of death in 2011 
[6]. According to a report of the Korean Health Insur- 
ance Review & Assessment Service in 2007, healthcare 
expenditures of adult diabetic patients accounted for 
approximately one-fifth of all national health insurance 
reimbursements (approximately 13 billion USD), and 
type II diabetes-related costs were almost eight times 
higher in 2005 than in 1995 [7]. The Centers for Disease 
Control and Prevention in the United States reported 
that type II diabetes is the seventh leading cause of 
death, and the associated direct and indirect costs asso- 
ciated with this disease were estimated at 174 billion 
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dollars in 2007 (direct costs: 116 billion dollars; indirect 
costs: 58 billion dollars) [8]. 

Studies conducted in worldwide including U.S. re- 
ported that risk factors for type II diabetes include not 
only obesity [9-12], lack of physical activity [11,13,14], 
poor diet [15,16], life-style and aging [17,18], but also 
smoking is plausibly associated with incidence of type II 
diabetes as well [3,19-25]. Smoking increases insulin re- 
sistance [19,26] suggesting that current, heavy smoking 
may greatly increase the risk for type II diabetes [20,27]. 
In a 2007 meta-analysis of 25 cohort studies, Willi et al. 
found that active smoking may increase the risk of type 
II diabetes [28]. Large cohort studies also confirmed this 
association between smoking and the development of 
type II diabetes. Cohort studies carried out in South 
Korea reported that current smokers have a higher risk 
of type II diabetes and mortality than non-smokers con- 
firming smoking amount as a risk factor [29], and both 
current and former smokers have a greater risk of type 
II diabetes than non-smokers, with the risk increasing 
with the amount of smoking [30]. Furthermore, the co- 
hort studies also reported that factors including obesity, 
age, BMI, alcohol drinking, and exercise were also risk 
factors for diabetes as well [29,30]. Another cohort 
study, the Western New York Health Study, confirmed 
that smoking was significantly associated with the con- 
version from normoglycemia to impaired fasting glucose, 
after adjusting for other risk factors [31]. Moreover, sev- 
eral other prospective studies [3,19,21-25,32] also dem- 
onstrated the association between smoking and type II 
diabetes, including the United States Physicians Study 
[20] and Nurses' Health Study [33] in which both former 
and current smokers had a greater risk for type II dia- 
betes than non-smokers. Regarding the relationship be- 
tween incidence of type II diabetes and quantification of 
smoking, previous studies reported that risk increased 
with pack-years, amount of smoking, and age of onset 
smoking [20,27,34-36]. Although multiple studies have 
reported this association, very few studies have ad- 
dressed the effect of the combination of onset age of 
smoking and pack-years on incidence of type II diabetes. 
Many current, former smokers begin smoking during 
adolescence [37] and those who begin smoking early are 
more likely to be current smokers [38]. Therefore, it is 
of interest to investigate whether smoking onset age and 
pack-years are associated with incidence of type II dia- 
betes. Furthermore, it is another interest to investigate 
differences in risk factors between the both countries. 

Methods 

Study population 

This study used secondary datasets obtained from the 
most recent National Health and Nutrition Examination 
Survey (NHANES), which is a cross-sectional and 



nationally representative survey conducted by the Centers 
for Disease Control and Prevention of both South Korea 
and the U.S. Survey participants were non-institutionalized 
civilians in South Korea and the U.S. who were selected 
using a stratified, multistage, probability-sampling design 
based on age, sex, and geographical area. This study used 
sample weights to produce estimates for the entire popula- 
tions of South Korea and the U.S. Ethics review boards of 
the institutions conducting the surveys in both countries 
approved the study, and participants from both countries 
provided consent. The most recent available completed 
datasets were the 2010 Korean NHANES (KNHANES) 
and the 2009-2010 United States NHANES (USN- 
HANES). Inclusion in this study was limited to partici- 
pants who received a diagnosis of type II diabetes after age 
20, which assumed that they had type 2 diabetes. Of the 
4,115 men and 4,843 women from the 2010 KNHANES 
who were eligible for the study, 3,179 men and 4,094 
women with complete data were included in the analysis. 
Of the 5,225 men and 5,312 women from the 2009-2010 
USNHANES, 1,713 men and 1,365 women with complete 
data were included. Many of survey participants in the 
U.S. were excluded because of missing information, mainly 
socioeconomic status covariates. Since the dataset used in 
this study were publicly available and online accessible 
data, no ethics committee's approval is required to con- 
duct the study. 

Outcomes 

This study identified type II diabetes cases as participants 
who answered "yes" to the question "Have you ever been 
told by a doctor that you have diabetes?", which was an 
item on both nations' NHANES. In addition, a physical 
examination (including collection of a blood specimen) was 
added to the KNHANES to determine the diabetes status 
of participants. Based on the results of blood tests, some 
participants who had not answered "yes" in the previous 
questionnaire were identified as having diabetes, and all 
participants who answered "yes" in the previous question- 
naire were also identified as having diabetes. However, the 
additional number of diabetes cases was minimal for both 
men and women (<20 cases each). The other outcome vari- 
able was age at which diabetes was diagnosed, which both 
nations' NHANES assessed using the item, "Age when first 
told you had diabetes". For diabetes cases that were added 
because of blood analysis results, this study used the partic- 
ipants' current age as the age at diagnosis. This study ex- 
cluded participants who received a diagnosis before age 20 
in an attempt to include only those with type II diabetes. 

Main predictors and covariates 

Smoking onset age, smoking pack-years is main predictor 
of this study. We included age, BMI, family income, edu- 
cation level, marital status, alcohol consumption, physical 
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activity, daily energy intake, and race (U.S. only) as covari- 
ates. All main predictors and covariates were obtained 
from participants' self-reported answers. Main predictors 
and covariates included in this study were risk factors for 
type II diabetes based on the previous researches. Partici- 
pants were stratified according to smoking onset age into 
the following four groups based on their answers to the 
questionnaire item "age started smoking cigarettes regu- 
larly": <16 years, 16-20 years, 21-25 years, or >26 years. 
The relationship between smoking pack-years and type II 
diabetes was examined among current smokers, ex- 
smokers, and never-smokers. Because nations have slightly 
different questions regarding smoking amount and history, 
this study used the most appropriate items in KNHANES 
and USNHANES to estimate smoking pack-years. 

For South Korean participants, smoking pack-year was 
calculated as follows. 

• Current smokers with diabetes: 
(average number of cigarettes/day h- 20) x 
(age at diabetes diagnosis - 

age started smoking regularly) 

• Ex-smokers with diabetes: (number of cigarettes/ 
day when smoking * 20) x year of smoking 

• Current smokers without diabetes: 
(average number of cigarettes/day * 20) x 
(current age - age started smoking regularly) 

• Ex-smokers without diabetes: (number of cigarettes/ 
day when smoking * 20) x years of smoking 

For U.S participants, smoking pack years were calcu- 
lated as follows: 

• Current smokers with diabetes: 
(average number of cigarettes/day h- 20) x 
(age at diabetes diagnosis - 

age started smoking regularly) 

• Ex-smokers with diabetes: (number of cigarettes/day 
at the time of quitting -r 20) x (age last smoked 
cigarettes regularly - age started smoking regularly) 

• Current smokers without diabetes: 

(average number of cigarettes/day * 20) x (age last 
smoked cigarettes regularly - 
age started smoking regularly) 

• Ex-smokers without diabetes: (number of cigarettes/ 
day at the time of quitting -s- 20) x (age last smoked 
cigarettes regularly - age started smoking regularly) 

Age, BMI, and daily energy intake were included as 
continuous variables in the statistical model. Based on 
census information, U.S. family income was stratified 
into quartiles (<25%, 25%-50%, 5196-75%, >75%). South 
Korean data were used as is (original data was collected as 
quartiles in South Korea). Education level was categorized 



into four groups: less than elementary school, less than 
middle school, high school diploma, at least some college. 
Marital status was defined as married or other (e.g., 
widowed, divorced). Alcohol consumption was categorized 
into three groups: not at all, less than once a month, or 
more than twice a month during the previous 12 months. 
Level of physical activity was based on participants' self- 
report of moderate intensity activity (yes or no) during the 
previous 30 days. Because South Korea is not diverse in 
terms of ethnicity, the KHANES does not ask such infor- 
mation. Race (non-Hispanic white, Mexican American, 
other Hispanic, non-Hispanic black, or other including 
multiracial) was included only in the analysis of 
USNHANES. 

Statistical analysis 

For all calculations and analysis, SAS 9.3 (SAS institute, 
Cary, NC) was used, and separate analyses were con- 
ducted by sex. Descriptive statistics were generated; means 
and standard deviations were calculated for continuous 
variables, and frequencies and relative percentages were 
calculated for categorical variables. Chi square statistics 
were performed to identify group differences by nations 
among same diabetic status (1. Diabetic Korean Men Vs. 
Diabetic US. Men 2. Non-Diabetic Korean Men Vs. Non- 
Diabetic U.S. Men 3. Diabetic Korean Women Vs. Diabetic 
U.S. Women 4. Non-Diabetic Korean Women Vs. Non- 
Diabetic U.S. Women). 

We then examined the crude association between smok- 
ing onset age and type II diabetes by using Kaplan-Meier 
curves. To investigate the associations of smoking onset 
age, pack-years of smoking and other type II diabetes risk 
factors with the incidence of type II diabetes, Cox propor- 
tional hazard models were used to calculate hazard ratios 
and the corresponding 95% confidence intervals. In this 
study, a P-value less than 0.05 (two-tailed) was considered 
statistically significant. Because this study was based on 
data from NHANES, which uses a complex, stratified, 
multistage probability cluster sampling structure, SAS sur- 
vey procedures were used in the Cox proportional hazard 
models. The study also used the NOMCAR option to per- 
form a domain analysis for observations with and without 
missing values. Additionally, corresponding weight, clus- 
ter, and strata statements were used to determine reliable 
and nationally representative estimates. The underlying 
time variable for the Cox proportional hazard models was 
age at type II diabetes diagnosis. In addition to smoking- 
related variables, other covariates that are commonly ac- 
cepted risk factors for type II diabetes were chosen. 

Results 

Based on the 2010 KNHANES and 2009-2010 USN- 
HANES datasets, we determined that 225 of 3,179 South 
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Korean men (7.1%), 223 of 4,094 South Korean women 
(5.5%), 265 of 1,713 U.S. men (15.5%), and 193 of 1,558 
U.S. women (12.4%) had type II diabetes. Tables 1 and 2 
show participant characteristics according to type II 
diabetes status of both countries by each sex (Table 1: 
Diabetic Korean Men Vs. Diabetic U.S. Men and Non- 
Diabetic Korean Men Vs. Non-Diabetic U.S. Men, 
Table 2: Diabetic Korean Women Vs. Diabetic U.S. 
Women and Non-Diabetic Korean Women Vs. Non- 
Diabetic U.S. Women). In all study groups (except South 
Korean women), diabetic participants were more likely 
than non-diabetic participants to have started smoking 
before age 20. Specifically, 40% of South Korean men 
(57% of those with type II diabetes), 34% of U.S. men 
(49% of those with type II diabetes), and 21% of U.S. 
women (36% of those with type II diabetes) started 
smoking before age 20. South Korean women reported 
very low frequencies of smoking; only 4% of the partici- 
pants (and 1% of diabetic participants) started smoking 
before age 20. Chi-square statistics show that all other 
variables were significantly different between diabetic 
men population of both nations except age, moderate in- 
tensity activity, and daily energy intake. Among without 
diabetic men population of both nations, all variables 
were significantly different (Table 1). Female population 
also showed similar trend that age, family income, and 
daily energy intake were not significantly different be- 
tween diabetic populations of both nations, but all other 
variables were significantly different among without dia- 
betic population (Table 2). Korean men started smoking 
early and more likely to be a heavy smoker. Korean also 
had more alcohol consumption, exercise less in both 
men and women than U.S. population regardless of their 
diabetic status. However, overall energy intake (without 
type II diabetes) and BMI (both with and without type II 
diabetes) were fairly higher in U.S population (Tables 1 
and 2). 

Figure 1 shows the survival probability for each smok- 
ing onset age group (<16 years, 16-20 years, 21-25 years, 
>26 years) and its unadjusted association with type II 
diabetes. The overall trend demonstrates that smoking 
increases the risk for type II diabetes relative to non- 
smokers. The pattern for South Korean women is un- 
usual because of the low case numbers in each smoking 
onset age group. 

Smoking pack-years and BMI were also higher among 
diabetic participants. Mean age was somewhat higher for 
diabetic participants, especially among South Korean 
participants. Type II diabetes appeared to be more 
prevalent among those who had low income and less 
education, were married, and did not participate in mod- 
erate physical activity; however, results of the relation- 
ship between alcohol consumption and type II diabetes 
were mixed. Daily energy intake was considerably lower 



in diabetic participants; because most of them had 
already received a diagnosis of type II diabetes from a 
physician, diet may be a major concern. Racial dispar- 
ities were identified in the U.S. population; Mexican 
Americans, other Hispanics, and non-Hispanic blacks 
had a higher prevalence of type II diabetes than non- 
Hispanic whites. 

As shown in Table 3, this study assessed the associ- 
ation between smoking onset age and incidence of type 
II diabetes using Cox proportional hazard models after 
adjusting for all covariates. This study found that early 
onset of smoking increased the risk of type II diabetes, 
especially among men (in both South Korea and the 
U.S). Among South Korean men, starting smoking be- 
fore age 16 increased the risk of type II diabetes com- 
pared with the reference group who had never smoked 
(HR 2.46, 95% CI 1.04-5.79). Among U.S. men, starting 
smoking before age 16 increased the risk of type II dia- 
betes compared with the reference group (HR 1.64, 95% 
CI 1.01-2.67), as did starting smoking between 16 and 
20 years of age (HR 1.58, 95% CI 1.05-2.37). Among 
U.S. women, this study did not find any statistically sig- 
nificant results; however, the risk of type II diabetes ap- 
peared to increase with earlier onset of smoking. This 
study does not find a significant association between 
adult onset of smoking (age >21 years) and incidence of 
type II diabetes among men or women of either country. 
This study found that smoking pack-year was signifi- 
cantly associated with incidence of type II diabetes 
among U.S. men (HR 1.07, 95% CI 1.01-1.12) but not in 
the other groups. 

This study also found that incidence of type II diabetes 
was significantly associated with age and BMI (in all 
groups) but not family income, education level, marital 
status, moderate physical activity, alcohol consumption, 
or daily energy intake. However, racial disparities among 
U.S. participants were observed. Hispanic participants 
(excluding Mexican Americans) had an increased risk of 
type II diabetes compared with the reference group 
(non-Hispanic whites) for both men and women (men: 
HR 2.35, 95% CI 1.17-4.70; women: HR 2.08, 95% CI 
1.18-3.67). A similar trend was observed among non- 
Hispanic blacks (men: HR 2.03, 95% CI 1.20-3.44; 
women: HR 1.87, 95% CI 1.12-3.12). Among U.S. 
women, the category "other races" (including multiracial 
participants) showed a higher risk of type II diabetes 
(HR 3.45, 95% CI 1.45-8.22) compared with non- 
Hispanic whites. Finally Mexican American men had a 
higher risk of type II diabetes than non-Hispanic white 
men (HR 1.70, 95% CI 1.01-2.87). 

Because many observations on SES and life-style vari- 
ables were lacking, we additionally conducted a robust- 
ness check on the analysis of U.S. participants. Variables 
that were included in this analysis was smoking onset 



Kim et al. BMC Public Health 2014, 14:178 
http://www.biomedcentral.com/1471-2458/14/178 



Page 5 of 1 1 



Table 1 Characteristics of Men participants stratified by diabetes (diagnosed after age 20) using the South Korea 
NHANES 2010 and the United States NHANES 2009-2010 





South Korean men 


P-value of 
Chi-square 


U.S. men 




P-value of 
Chi-square 


P-value of 
Chi-square 




(n = 3,179, Est. 
population = 23,681,690) 




(n = 1,713, Est. 
population = 84,085,965) 




Korea Vs. U.S. 




With 
diabetes 


Without 
diabetes 




With 
diabetes 


Without 
diabetes 




With Without 
diabetes diabetes 


Variables 


[n — zzd, 
7.1%) 


/y. •> or /I 

[n — z,jd**, 
92.9%) 




[n — zod, 
15.5%) 


/— 1 AAQ 

(n — /,44o, 
84.5%) 






Smoking Onset Age (%)** 
















Never Smoked 


28 (12.4) 


1 ,372 (46.5) 


<.0001 


1 07 (40.4) 


918 (63.4) 


<.0001 


<.0001 <.0001 


>26 years 


21 (9.3) 


1 06 (3.6) 




9 (3.4) 


21 (1.5) 






21-25 years 


49 (21.8) 


347 (11.8) 




1 9 (7.2) 


59 (4.1) 






16-20 years 


107 (47.6) 


1,021 (34.6) 




79 (29.8) 


302 (20.9) 






<16 years 


20 (8.9) 


108 (3.7) 




51 (19.3) 


148 (10.2) 






Smoking Pack-years [10 PY]* 


2.5 ± 2.2 


1.1 + 1.7 


<.0001 


1.8 ±2.8 


0.8 ± 2.0 


<.0001 


0.002 <.0001 


Age (Years)* 


63.0 ±11.0 


36.2 ±23.7 


<.0001 


62.5 ±11.6 


50.2 ± 17.9 


<.0001 


0.654 <.0001 


BMI (kg/m 2 )* 


24.2 ± 3.2 


22.1 ±4.1 


<.0001 


31.8 ± 6.7 


29.1 ±5.6 


<.0001 


<.0001 <.0001 


Family Income Percentile (%)** 
















<25% 


85 (37.8) 


465 (15.7) 


<.0001 


76 (28.7) 


286 (19.8) 


0.009 


0.029 <.0001 


25%-50% 


47 (20.9) 


801 (27.1) 




82 (30.9) 


392 (27.1) 






51%-75% 


44 (19.6) 


872 (29.5) 




59 (22.3) 


312 (21.6) 






>75% 


49 (21.8) 


816 (27.6) 




48 (18.1) 


458 (31.6) 






Education (%)** 
















Less than Elementary School 


67 (29.8) 


1,223 (41.4) 


<.0001 


47 (17.7) 


151 (10.4) 


<.0001 


<.0001 <.0001 


Less than Middle School 


49 (21.8) 


344 (11.7) 




43 (16.2) 


181 (12.5) 






High School Diploma 


68 (30.2) 


696 (23.6) 




61 (23.0) 


311 (21.5) 






At least some College 


41 (18.2) 


691 (23.4) 




114 (43.0) 


805 (55.6) 






Marital Status (%)** 
















Married 


201 (89.3) 


1,585 (53.7) 


<.0001 


1 78 (67.2) 


927 (64.0) 


<.0001 


<.0001 <.0001 


Other 


24 (10.7) 


1 ,369 (46.3) 




87 (32.8) 


521 (36.0) 






Alcohol Consumption (%)** 
















Not At All 


66 (29.3) 


1,216 (41.2) 


0.002 


88 (33.2) 


265 (18.3) 


<.0001 


<.0001 <.0001 


Less than Once a Month 


43 (19.1) 


423 (14.3) 




171 (64.5) 


1,123 (77.6) 






More than Twice a Month 


116 (5 1 .6) 


1315 (44.5) 




6 (7 3) 


60 (4.1) 






Moderate Intensity Activity (%) 
















Yes 


70 (31.1) 


1015 (34.4) 


0.322 


88 (33.2) 


614 (42.4) 


<.0001 


0.621 <.0001 


No 


1 55 (68.9) 


1939 (65.6) 




1 77 (66.8) 


834 (57.6) 






Daily Energy Intake (Kcal)* 


2,087.6 ±81 7 


2,268.6 ± 967 


0.006 


2,046.7 ± 1 009 


2,428.5 ±991 


0.001 


0.627 <.0001 


Race (%)** 
















Non-Hispanic Whites 








1 08 (40.8) 


769 (53.1) 


0.067 




Mexican Americans 








57 (21.5) 


272 (18.8) 






Other Hispanics 








31 (11.7) 


120 (8.3) 






Non-Hispanic Blacks 








59 (22.3) 


221 (15.3) 






Other Races (Including 
Multiracial) 








10 (3.8) 


66 (4.6) 







*Mean±SD. 
•Frequency (%). 
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Table 2 Characteristics of Women participants stratified by diabetes (diagnosed after age 20) using the South Korea 
NHANES 2010 and the United States NHANES 2009-2010 





South Korean women 


P-value of 
Chi-square 


U.S. women 




P-value of 
Chi-square 


P-value of 
Chi-square 




(n = 4,094, Est. 
population = 23,193,263) 




(n = 1,558, Est. 
population = 78,989,240) 




Korea Vs. U.S. 




With 
diabetes 


Without 
diabetes 




With 
diabetes 


Without 
diabetes 




With 
diabetes 


Without 
diabetes 


Variables 


(n — zzi, 
5.4%) 


In — "3 Q71 
[n — J,o/ I, 

94.6%) 




[n — lyj, 
12.4%) 


[n — ifjoD, 
87.6%) 








Smoking Onset Age (%)** 


















Never Smoked 


206 (92.4) 


3,558 (91.9) 


0.002 


99 (51.3) 


1,038 (76.0) 


<.0001 


<.0001 


<.0001 


>26 years 


14 (6.3) 


101 (2.6) 




10 (5.2) 


24 (1 .8) 








21-25 years 


1 (0.5) 


66 (1.7) 




14(7.3) 


48 (3.5) 








16-20 years 


1 (0.5) 


127 (3.3) 




47 (24.4) 


189 (13.9) 








<16 years 


1 (0.5) 


19 (0.5) 




23 (11.9) 


66 (4.8) 








Smoking Pack-years [10 PY]* 


0.06 ± 0.45 


0.04 ±0.3 


0.296 


1.2 ±2.7 


0.4 ± 1 .2 


<.0001 


<.0001 


<.0001 


Age (Years)* 


63.5 ±12.3 


38.9 ±22.2 


<.0001 


61 .8 ± 12.1 


48.6 ± 1 7.8 


<.0001 


0.46 


<.0001 


BMI (kg/m 2 )* 


25.0 ±3.7 


22.0 ±4.1 


<.0001 


33.8 ±7.7 


29.0 ± 7.2 


<.0001 


<.0001 


<.0001 


Family Income Percentile (%)** 


















<25% 


88 (39.5) 


679 (17.5) 


<.0001 


79 (40.9) 


337 (24.7) 


<.0001 


0.576 


<.0001 


25%-50% 


62 (27.8) 


989 (25.6) 




56 (29.0) 


341 (25.0) 








51%-75% 


41 (18.4) 


1,134 (29.3) 




28 (14.5) 


267 (19.6) 








>75% 


32 (14.4) 


1 ,069 (27.6) 




30 (15.5) 


420 (30.8) 








Education (%)** 


















Less than Elementary School 


155 (69.5) 


1 ,687 (43.6) 


<.0001 


27 (14.0) 


86 (6.3) 


<.0001 


<.0001 


<.0001 


Less than Middle School 


21 (9.4) 


385 (10.0) 




47 (24.4) 


155 (11.4) 








High School Diploma 


38 (17.0) 


947 (24.5) 




38 (19.7) 


275 (20.2) 








At least some College 


9 (4.0) 


852 (22.0) 




81 (42.0) 


849 (62.2) 








Marital Status (%)** 


















Married 


138 (61.9) 


2,142 (55.3) 


<.0001 


90 (46.6) 


709 (51.9) 


<.0001 


<.0001 


<.0001 


Other 


85 (38.1) 


1 ,729 (44.7) 




103 (53.4) 


656 (48.1) 








Alcohol Consumption (%)** 


















Not At All 


128 (57.4) 


1,929(49.8) 


0.081 


92 (47.7) 


272 (19.9) 


<.0001 


<.0001 


<.0001 


Less than Once a Month 


59 (26.5) 


1,159(29.9) 




96 (49.7) 


1,062 (77.8) 








More than Twice a Month 


36 (16.1) 


783(20.2) 




5 (7 6) 


31 (2 3) 








Moderate Intensity Activity (%) 


















Yes 


67 (30.0) 


1,170 (30.2) 


0.955 


47 (24.4) 


421 (30.8) 


<.0001 


0.011 


<.0001 


No 


156 (70.0) 


2,701 (69.8) 




146 (75.7) 


944 (69.2) 








Daily Energy Intake (Kcal)* 


1,603.1 ±636 


1,702.9 ±658 


0.027 


1,61 6.0 ±634 


1,795.0 ±693 


<.0001 


0.56 


<.0001 


Race (%)** 


















Non-Hispanic Whites 








76 (39.4) 


739 (54.1) 


0.001 






Mexican Americans 








36 (18.7) 


218 (16.0) 








Other Hispanics 








20 (10.4) 


147 (10.8) 








Non-Hispanic Blacks 








52 (26.9) 


205 (15.0) 








Other Races (Including 
Multiracial) 








9 (4.7) 


56 (4.1) 









*Mean±SD. 
•Frequency (%). 
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Figure 1 Kaplan-Meier curves for incidence of diabetes according to gender and smoking onset age for South Korea and the United 
States (using South Korea NHANES 2010 and the United States NHANES 2009-2010). 



age, smoking pack-year, age, BMI, family income per- diabetes for U.S. men population. Furthermore, ages, 
centile, and race. The results confirmed that early onset BMI, race of both sexes were also significant in this ro- 
and pack-years of smoking were risk factors for type II bustness check (Table 4). 
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Table 3 Adjusted hazard ratios for the association between stratified onset age of smoking and diabetes using South 
Korea NHANES 2010, United States NHANES 2009-2010 

South Korean men U.S. men South Korean women U.S. women 

Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value 





(95% CI) 




(95% CI) 




(95% CI) 




(95% CI) 




Smoking Onset Age 


















Never Smoked 


1.00 




1.00 




1.00 




1.00 




>26 years 


1 .26 (0.60-2.65) 


0.540 


1.82 (0.81-4.11) 


0.139 


1 .43 (0.70-2.93) 


0.33 


1.79 (0.59-5.47) 


0.287 


21-25 years 


1.39 (0.71-2.73) 


0.340 


1.68 (0.79-3.55) 


0.163 


0.50 (0.06-4.18) 


0.519 


1 .26 (0.48-3.34) 


0.622 


16-20 years 


1 .54 (0.82-2.88) 


0.180 


1.58 (1.05-2.37) 


0.031 


0.10 (0.01-0.84) 


0.034 


1 .83 (0.85-3.90) 


0.112 


<16 years 


2.46 (1.04-5.79) 


0.040 


1.64 (1.01-2.67) 


0.047 


1.54 (0.21-11.14) 


0.67 


2.01 (0.67-6.05) 


0.200 


Smoking Pack-year [10 pack year]* 


1.03 (0.96-1.10) 


0.476 


1.07 (1.01-1.12) 


0.02 


0.97 (0.64-1 .48) 


0.901 


1.02 (0.93-1.12) 


0.606 


Age (Years) 


1.05 (1.04-1.07) 


<.0001 


1.04 (1.03-1.05) 


<.0001 


1.05 (1.04-1.07) 


<.0001 


1.03 (1.02-1.05) 


0.001 


BMI (kg/m 2 ) 


1.09 (1.04-1.15) 


0.001 


1.08 (1.05-1.11) 


<.0001 


1.11 (1.07-1.16) 


<.0001 


1.08 (1.06-1.10) 


<.0001 


Family Income Percentile 


















<25% 


1.00 




1.00 




1.00 




1.00 




26%-50% 


0.72 (0.43-1.21) 


0.215 


1.05 (0.72-1.55) 


0.777 


1.35 (0.86-2.11) 


0.197 


1.07 (0.71-1.62) 


0.719 


51%-75% 


0.68 (0.38-1.25) 


0.213 


0.86 (0.49-1.50) 


0.568 


1.21 (0.68-2.15) 


0.511 


0.71 (0.42-1.23) 


0.205 


>75% 


0.76 (0.44-1.31) 


0.323 


0.73 (0.45-1.21) 


0.203 


0.76 (0.42-1.39) 


0.375 


0.85 (0.42-1.70) 


0.616 


Education 


















Less than Elementary School 


1.00 




1.00 




1.00 




1.00 




Less than Middle School 


1 .45 (0.88-2.40) 


0.144 


0.84 (0.46-1.54) 


0.555 


0.67 (0.35-1.27) 


0.218 


0.73 (0.32-1.64) 


0.418 


High School Diploma 


1.26 (0.78-2.05) 


0.346 


0.87 (0.53-1.42) 


0.556 


1.00 (0.60-1.68) 


0.987 


0.51 (0.25-1.02) 


0.056 


At Least Some College 


0.86 (0.47-1.58) 


0.625 


0.89 (0.58-1.35) 


0.557 


0.61 (0.22-1.72) 


0.349 


0.44 (0.23-0.83) 


0.014 


Marital Status 


















Married 


1.00 




1.00 




1.00 




1.00 




Other 


0.86 (0.46-1 .63) 


0.647 


1.11 (0.78-1.56) 


0.545 


0.96 (0.68-1.36) 


0.821 


0.84 (0.61-1.16) 


0.271 


Alcohol Consumption 


















Not At All 


1.00 




1.00 




1.00 




1.00 




Less than Once a Month 


1.39 (0.81-2.39) 


0.235 


0.92 (0.66-1 .29) 


0.602 


0.95 (0.65-1.38) 


0.773 


0.51 (0.30-0.87) 


0.017 


More than Twice a Month 


1.05 (0.66-1.66) 


0.852 


0.73 (0.21-2.53) 


0.603 


0.91 (0.55-1.50) 


0.704 


0.94 (0.34-2.60) 


0.893 


Moderate Intensity Activity 


















Yes 


1.00 




1.00 




1.00 




1.00 




No 


0.98 (0.67-1 .43) 


0.917 


1.15 (0.74-1.77) 


0.52 


1.24 (0.89-1.71) 


0.198 


1.26 (0.80-1.98) 


0.305 


Daily Energy Intake (kcal)* 


1.00 (1.00-1.00) 


0.018 


1.00 (1.00-1.00) 


0.142 


1.00 (1.00-1.00) 


0.459 


1.00 (1.00-1.00) 


0.215 


Race 


















Non-Hispanic White 






1 








1 




Mexican American 






1.70 (1.01-2.87) 


0.048 






1.37 (0.62-3.05) 


0.414 


Other Hispanic 






2.35 (1.17-4.70) 


0.019 






2.08 (1.18-3.67) 


0.015 


Non-Hispanic Black 






2.03 (1 .20-3.44) 


0.011 






1.87 (1.12-3.12) 


0.019 


Other Race (Including Multiracial) 






1 .86 (0.78-4.42) 


0.149 






3.46 (1 .44-8.30) 


0.008 


Estimated number of Population 


23,681,690 




84,085,965 




23,193,263 




78,989,240 





Discussion 

Using data from a nationally representative sample of 
participants from South Korea and the U.S. this study 
found evidence that early onset of smoking increases the 



risk of type II diabetes in men of both nations, after 
adjusting for many confounders. Other studies have re- 
ported that the prevalence of type II diabetes among 
South Korea adults is 7.9%, which is slightly above the 
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Table 4 Robustness check: adjusted hazard ratios for the association between stratified onset age of smoking and 
diabetes using United States NHANES 2009-2010 with limited # of variables 



Smoking Onset Age 
Never Smoked 
>26 years 
21-25 years 
16-20 years 
<16 years 

Smoking Pack-year [10 pack year]* 
Age (Years) 
BMI (kg/m 2 ) 

Family Income Percentile 

<25% 

26%-50% 

51%-75% 

>75% 

Race 

Non-Hispanic White 

Mexican American 

Other Hispanic 

Non-Hispanic Black 

Other Race (Including Multiracial) 

N 

Estimated number of Population 



U.S. men 
Hazard ratio 
(95% CI) 

1.00 

1 .04 (0.55-1 .98) 
1.36 (0.66-2.79) 
1.38 (1.00-1.91) 
1.49 (1.08-2.06) 
1.08 (1.02-1.14) 
1.06 (1.06-1.08) 
1.10 (1.07-1.13) 

1.00 

1.03 (0.72-1.47) 
0.98 (0.60-1 .59) 
0.93 (0.70-1.24) 



1.97 (1.25-3.11) 
2.16 (1.36-3.57) 
1.89 (1.19-3.02) 
2.96 (1.82-4.79) 
4,747 

139,060,000 



P-value 



0.887 

0.381 

0.050 

0.018 

0.001 

<.0001 

<.0001 



0.843 
0.925 
0.611 



0.006 
0.005 
0.010 
<.0001 



U.S. women 
Hazard ratio 
(95% CI) 

1.00 

1 .23 (0.63-2.44) 
0.81 (0.44-1.55) 
1 .39 (0.95-2.05) 
1 .67 (0.87-3.23) 
1.03 (0.95-1.13) 

1.07 (1.06-1.08) 

1.08 (1.07-1.10) 

1.00 

1.22 (0.89-1.68) 
0.87 (0.52-1.46) 
0.81 (0.42-1.56) 



2.48 (1 .76-3.49) 
2.63 (1 .39-4.95) 
1 .96 (1 .36-2.83) 
3.91 (2.13-7.19) 
4,783 

144,740,000 



P-value 



0.522 

0.520 

0.082 

0.117 

0.508 

<.0001 

<.0001 



0.207 
0.570 
0.503 



<.0001 
0.005 
0.001 
<.0001 



average reported by the Organization for Economic Co- 
operation and Development [39]. The prevalence of type 
2 diabetes among U.S. adults in 2010 has been reported 
as 11.3% (men: 11.8%, women: 10.8%) [8]. Although the 
prevalence of type II diabetes in this study appeared to 
be slightly lower for South Korea and higher for the U.S. 
compared with other sources, our results are fairly con- 
sistent with the estimated prevalence in others. 

The risk on type II diabetes was greatest and statisti- 
cally significant among participants who started smoking 
before age 16 (for both nations), and smoking onset 
from 16 to 20 years also increased the risk of type II dia- 
betes among U.S. men. The robustness check which in- 
cluded more individuals without few variables also 
confirmed that the association. Previous studies reported 
that the risk of type II diabetes increased with higher 
pack-years of smoking. This was also observed among 
U.S. men in our study, but this phenomenon did not 
generalize to the other sample populations. A large co- 
hort study conducted in South Korea [29] identified 
smoking amount as a risk factor for type II diabetes but 
did not observe an association with smoking duration. 



This question may remain unanswered because of the 
underlying mechanisms of smoking (biological, behav- 
ioral) or differences in race or diet. Further study should 
be conducted to investigate possible explanations for 
whether the differences are due to clinical or/and behav- 
ioral factors. This study also confirmed that age and BMI 
are important risk factors for type II diabetes, as prior 
studies have consistently demonstrated [9,10,17,18]. 

For the U.S. specifically, this study confirms that racial 
disparities exist in the prevalence of type II diabetes, 
which is higher in Hispanic and black populations than 
in white populations. Results of this study may be rele- 
vant for policies regarding tobacco use. Many current or 
former male smokers in South Korea and the U.S. began 
smoking before the age of 16 or 20 years, which is not 
legal in either country. Underage smoking may increase 
the risk of type II diabetes; therefore, strong policies and 
punishments for selling tobacco to underage youth are 
needed. The need for actions and interventions to pre- 
vent adolescents from smoking is not only given by the 
risk for type II diabetes but also by the risk of other 
smoking related diseases as well. In addition, educational 
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programs are needed in schools, especially for male ado- 
lescents, and community health programs and incentives 
are needed to control BMI. Also, parental monitoring 
could play a significant role on adolescent type II diabetes 
management by influencing direct and indirect effects that 
promising better health outcome in adolescents with type 
II diabetes [40]. 

This study has several limitations worth noting; there- 
fore, caution must be taken when interpreting results 
and generalizing findings. Although this study used fairly 
large, nationally representative samples for both coun- 
ties, which strengthens the generalizability of the results, 
a significant limitation still remains because of its cross- 
sectional nature. Because all survey data were collected 
at the same time, they do not reflect past health behav- 
iors other than the main predicting variables. Important 
risk factors such as diet, physical activity, and other co- 
variates did not appear to increase the risk of type II dia- 
betes; however, most of the diabetic participants had 
received a diagnosis before the survey was conducted. 
Because of this lack of temporality, diabetic participants 
had a lower daily energy intake. In addition, self-reported 
survey results do not fully represent participants' personal 
behavior and history. To calculate smoking pack-year, this 
study used the recent smoking habits of the participants, 
which may not represent their smoking habits throughout 
the years. Another covariate, physical activity, was also 
based only on recent behavior. Furthermore, significant 
missing information, mainly socioeconomic status covari- 
ates of U.S. population might be another limitation on our 
study. As stated, this study excluded participants who re- 
ceived a diagnosis before age 20 in an attempt to include 
only those with type II diabetes. Further study should be 
conducted by including type I diabetic participants and in- 
vestigate risk differences for each type of diabetes. 

Another potential limitation of this study is the false re- 
sponse of smoking status by South Korean women. As 
shown in Table 1, 4% of the South Korean women (and 
only 1% of the diabetic participants) reported a history of 
smoking, but this does not represent the actual smoking 
rate. Confucianism, which is deeply rooted in the Korean 
society, holds a negative view of female smokers; therefore, 
these respondents may have chosen not to report their 
smoking status, even though the survey was anonymous. 
This reliance on self-reported cross-sectional information 
without verification may have caused underreporting of 
the actual smoking status in all groups. 

Although this study is based on cross-sectional and ob- 
servational data, we believe that this is the one of few com- 
parative investigations to evaluate type II diabetes risk in 
relation to combination of onset age of smoking and pack- 
years using nationally representative survey data of both na- 
tions which might enhance generality of the association. 
Our findings deliver public health awareness, especially for 



adolescents. Many current and former smokers started 
smoking during adolescence [37] and these smokers are 
more likely to be current smokers [38]. Early onset of 
smoking increases the risk for type II diabetes and other 
smoking-related diseases. Our findings add to the mounting 
evidences of an association between smoking and type II 
diabetes, and are relevant for both South Korea and the 
U.S. Our findings enhance current data on the association 
between smoking and type II diabetes and are the basis for 
controlling the illegal sale of cigarettes to underage youth as 
well as cigarette use. Successful evidences for the enhanced 
effects of European countries are available regarding to- 
bacco control policies, educational programs, and other be- 
havioral, legislative activities [41,42]. In order to strengthen 
the reliability and generalizability of these findings, further 
study is needed using large cohorts and long follow-up pe- 
riods. Additionally, clinical research is also required to 
examine the biological drivers of early onset of smoking. 

Conclusion 

This study found evidences that early onset of smoking 
increases type II diabetes risk among men in South Korea 
and the U.S., and type II diabetes risk increases with 
higher pack-years in U.S. men. Underage smoking may 
increase the risk other smoking-related diseases, thus not 
only education programs but also strong tobacco policies 
and punishments for selling tobacco to underage youth 
should be implemented in both South Korea and United 
State. 
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